(19) 



J 



Eur pSisches Patentamt 
European Patent Office 
Office eur p6en des brevets 



(11) 



Mill 

EP 0 825 470 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of publication: 


(51) 


Int. CI. 6 : G02B 27/02, H04N 5/64 




25.02.1998 Bulletin 1998/09 








(86) 


International application number: 


(21) 


Application numoer. y/yuo^/J.i 


PCT/JP97/00747 


(22) 


Date of filing: 10.03.1997 


yptj 


International nnhlipatinn numhw 








WO 97/34182 (18.09.1997 Gazette 1997/40) 


(84) 


Designated Contracting States: 


(72) 


Inventor: KARASAWA, Joji 




DE FR GB 




Suwa-shi, Nagano-ken 392 (JP) 


(30) 


Priority: 1 1 .03.1 996 WO PCT/JP53/00296 


(74) 


Representative: 








Tomlinson, Kerry John 


(71) 


Applicant: 




Frank B. Derm & Co., 




SEIKO EPSON CORPORATION 




European Patent Attorneys, 




Tokyo 163 (JP) 




179 Queen Victoria Street 








London EC4V 4EL (GB) 



(54) HEAD-MOUNTED DISPLAY 

(57) An optical unit 1 includes a liquid crystal panel 
2, a back light 3, a reflecting mirror 4, a lens 5, and a 
casing 6 for accommodating these constituents therein. 
The optical unit 1 can be arranged in front of either one 
of the left eye and the right eye of the user. A half mirror 
8 disposed below the optical unit 1 reflects an image 

Fig. 1 (b) 



beam emitted from the optical unit 1 toward an eye 10 of 
the user and transmits a light beam from the back- 
ground view. The eye of the user for observing a virtual 
image is changed by shifting the optical unit 1 to the left 
eye or to the right eye. 
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Description 

Technical Field 

The present invention relates to a single-eye-type s 
head mount display device (hereinafter referred to as 
HMD) for magnifying an image generated by an image 
display means to a magnified virtual image and ena- 
bling the magnified virtual image to be seen by either 
one of the eyes of the user. 10 

Background Art 

The necessity for observing a display image shown 
by the image display means simultaneously with a back- 
ground image has developed single-eye-type HMDs. 
Various applications of such single-eye-type HMDs to 
display devices of computers and instruction display 
devices for the aid of manual operations have also been 
highly expected. 

A known example of such single-eye-type HMDs is 
disclosed in JAPANESE PATENT LAYING-OPEN 
GAZETTE No. H-2-63379. Another example disclosed 
in JAPANESE PATEN LAYING-OPEN GAZETTE No. H- 
3-189677 is known as a single-eye-, see-through-type 
HMD. 

The single-eye-, see-through-type HMD described 
in JAPANESE PATEN LAYING-OPEN GAZETTE No. H- 
3-189677 combines an image beam emitted from an 
optical system arranged at the side of the face of the 
user with a light beam from a background by means of 
a combiner arranged in front of the face, thereby super- 
posing a display image upon a background image. In 
this conventional single-eye-type HMD. the eye for 
observing the display image is fixed to either the left eye 
or the right eye. 

Generally people have the preferential eye for 
observation among the two eyes. The degree of contri- 
bution of the preferential eye for observation of images 
depends upon people. The preferential eye for observ- 
ing the display image may vary depending upon the 
state of application of the HMD and the physical condi- 
tions of the user. It is also possible that the user of the 
HMD may have some disorders in the sight of one eye. 
It is accordingly inconvenient to fix the eye for observing 
the display image in the single-eye-type HMD to either 
the left eye or the right eye. 

An object of the present invention is thus to solve 
the above problem and provide a single-eye-type HMD 
that enables the user to observe a composite image of 
a background image and a display image and to readily 
select the eye for observing the display image. 

Disclosure of the Invention 

In order to solve at least part of the above problems, 
a head mount display device according to the present 
invention comprises an image display means, a magni- 



2 

tying optical means, and a switching means. The mag- 
nifying optical means is implemented by. for example, a 
lens or a concave mirror, and refracts a first light beam 
representing an image formed on the image display 
means and thereby magnifying the image to a magni- 
fied virtual image which is to be observed with one of 
the eyes of the user. The image combining means is 
implemented by. for example, a half mirror or a polariz- 
ing beam splitter, and make the first light beam repre- 
senting the virtual image enter the eye of the user 
simultaneously with a second light beam from a back- 
ground view, thereby combining the virtual image with 
the background view to form a composite image. The 
switching means shifts at least two among the image 
display means, the magnifying optical means, and the 
image combining means, in order to make a switch 
between a first state in which the composite image of 
the virtual image and the background view is observed 
with one eye of the user and a second state in which the 
composite image is observed with the other eye of the 
user. 

In a preferred embodiment, the magnifying optical 
means and the image combining means are arranged 
such that the first light beam emitted from the image dis- 
play means goes via the magnifying optical means and 
the image combining means in this sequence before 
reaching the eye of the user. In this case, the magnifying 
optical means is implemented by a lens, for example. 

In another preferred embodiment, the image com- 
bining means and the magnifying optical means are 
arranged such that the first light beam emitted from the 
image display means goes via the image combining 
means and the magnifying optical means at least once 
in this sequence before reaching the eye of the user. In 
this case, the magnifying optical means is implemented 
by a concave half mirror or a concave mirror, for exam- 
ple. 

The head mount display device of the present 
invention enables the user to observe a composite 
image of a background image and a display image with 
either one of the left eye and the right eye. The switching 
means readily changes the eye for observing the com- 
posite image of the display image and the background. 

Brief Description of the Drawings 

Fig. 1 illustrates the structure of an optical system 
of an HMD as a first embodiment according to the 
present invention; 

Fig. 2 shows the appearance of the HMD of the first 
embodiment; 

Fig. 3 illustrates the structure of an optical system in 
a second embodiment according to the present 
invention; 

Fig. 4 shows the appearance of the HMD of the 
second embodiment; 

Fig. 5 illustrates the structure of an optical system in 
a third embodiment according to the present inven- 
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tion; 

Fig. 6 illustrates the structure of a shape changing 
mechanism in the third embodiment; 
Fig. 7 shows the states of forming images in the 
third embodiment; 

Fig. 8 illustrates the structure of an optical system in 
a fourth embodiment according to the present 
invention; 

Fig. 9 illustrates the structure of a shape changing 
mechanism in the fourth embodiment; 
Fig. 10 illustrates the structure of an optical system 
in a fifth embodiment according to the present 
invention; 

Fig. 11 shows the states of forming images in the 
fifth embodiment; 

Fig. 12 shows the appearance of a sixth embodi- 
ment according to the present invention; 
Fig. 13 illustrates the structure of an optical system 
in a seventh embodiment according to the present 
invention; 

Fig. 14 illustrates the structure of an optical system 
in an eighth embodiment according to the present 
invention; 

Fig. 15 illustrates the structure of an optical system 
in a ninth embodiment according to the present 
invention; 

Fig. 16 illustrates the structure of an optical system 
in a tenth embodiment according to the present 
invention; 

Fig. 17 illustrates the structure of an optical system 
in an eleventh embodiment according to the 
present invention; 

Fig. 18 illustrates the structure of an optical system 
in a twelfth embodiment according to the present 
invention; 

Fig. 19 illustrates the structure of an optical system 
in a thirteenth embodiment according to the present 
invention; 

Fig. 20 shows the appearance of a fourteenth 
embodiment according to the present invention; 
and 

Fig. 21 shows a variable transmittance semi-trans- 
parent plate and a circuit diagram of its control cir- 
cuit used in the fourteenth embodiment of the 
present invention. 

Best Modes of Carrying Out the Invention 
A. First Embodiment 



Preferred embodiments of the present invention are 
described in detail with the accompanying drawings. 

Fig 1 (a) is a side view illustrating an optical system 
of a head mount display device (HMD) as a first embod- 
iment according to the present invention, and Fig. 1(b) 
is a front view thereof. Rg. 2 shows the appearance of 
the HMD including the optical system of Fig. 1. partly 
cross sectional for description. 



An optical unit 1 shown in Fig. 1(a) can be set in 
front of either one of the left eye and the right eye of the 
user The optical unit 1 includes a transmission-type liq- 
uid crystal panel 2. a back light 3. a reflecting mirror 4, a 
convex lens 5. and a casing 6 for accommodating these 
constituents therein. The liquid crystal panel 2 and the 
back light 3 implement the function of an image display 
means for displaying an image in response to an image 
signal output from an external driving circuit, which is 
10 not shown. The lens 5 implements the function of a 
magnifying optical means for magnifying a display 
image displayed on the liquid crystal panel 2 to a mag- 
nified virtual image and enabling a light beam repre- 
senting the magnified virtual image to enter the eye of 
15 the user. 

The liquid crystal panel 2 and the back light 3 are 
set upright in the casing 6 so that the normal of an 
image forming surface of the liquid crystal panel 2 is ori- 
ented substantially in the horizontal direction. The 
so reflecting mirror 4 is inclined by the angle of approxi- 
mately 45° to the normal of the image forming surface of 
the liquid crystal panel 2, and reflects an image beam 
L1 emitted from the liquid crystal panel 2 vertically 
downward. The lens 5 is ananged so that the optical 
25 axis of the lens 5 is perpendicular to the normal of the 
image forming surface of the liquid crystal panel 2. An 
opening 7, through which the image beam L1 passes, is 
formed in the lower face of the casing 6. A half mirror 8 
is disposed in the opening 7 to be inclined by the angle 
30 of approximately 45° to the optical axis of the lens 5. 

The upper end of the half mirror 8 is fixed to a mam 
case 14 shown in Fig. 2. The transmittance and reflec- 
tivity of the half mirror 8 can be set arbitrarily, for exam- 
ple both the transmittance and reflectivity may be set to 
35 50% The half mirror 8 has the size covering the visual 
field of virtual images at both eyes of the user. The vis- 
ual field of virtual images is defined by the visual angle 
when the eye sees a virtual image. The half mirror 8 has 
a recess 9 on the center thereof for the nose of the user. 
40 The optical unit 1 . the half mirror 9, and the main case 
14 including non-illustrated circuits and other elements 
are f ixed to the head of the user by means of an attach- 
ment 16. . . 
As shown in Fig. 1 (a), the display image created by 
45 the liquid crystal panel 2 is illuminated from the rear side 
by the back light 3, and the image beam L1 (first light 
beam) is accordingly emitted from the liquid crystal 
panel 2. The image beam L1 is deflected to approxi- 
mately 90 degrees by the reflecting mirror 4, is refracted 
so by the lens 5, is reflected at the ratio corresponding to 
the transmission/reflection characteristics of the half 
mirror 8. and forms an image in an eye 10 of the user. 
The image forming surface of the liquid crystal panel 2 
is located closer to the lens 5 than one focal point of the 
55 lens 5 on the object's side is, whereas the eye 10 is 
located in the vicinity of the other focal point of the lens 
5 on the image's side. The imaging function of the lens 
5 thus magnifies the display image and creates a mag- 
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nified virtual image. The user can accordingly observe 
the magnified virtual image of the display .mage created 
by the liquid crystal panel 2 on an extension ofanoptr- 
cai axis 1 1 drawn through the eye 1 0 and the optical unit 
1 



The hall mirror 8 reflects part of the image beam L1 
while transmitting part ofalight beam L2from the back- 
ground view to introduce the latter into both eyes of the 
user The half mirror 8 namely functions as an .mage 
combining means for combining the first light beam LI 
representing the image displayed on the liquid costal 
panel 2 with the second light beam L2 from the back- 
ground view to create a composite image and enabting 
the composite image to enter an eye of the user. The 
user can accordingly observe the composite .mage of 
the background image and the display image. S.nce one 
end of the half mirror 8 te fixed to the main case as men- 
tioned above, there is no obstacle blocking the visual 
field of the user for the background v.ew other than the 
main case 14 located above. This HMD accordingly 
ensures the maximum visual field for the background. 
The light beam L2 from the background view passing 
through the same half mirror 8 enters both the left and 
the right eyes, so that the left and the right eyes rece,ve 
the rays of substantially identical brightness. Th.s struc- 
ture enables the user to naturally observe the back- 
around image. ... 

As clearly understood from the above description, 
the term 'single-eye-type' in this specification .mpl.es 
that the display image is observed with one eye. Even 
Sen part of tie optica, system of the HMD (for exam- 
ple the half mirror 8) includes the visual held cor re- 
sponding to both eyes, the HMD is still of the smgle- 

eye *rSferring to Fig. 1(a). the optical unit 1 of i the first 
embodiment has a hollow bearing 12 disposed behind 
the reflecting mirror 4. The inner face of the beanng 1 12 
is formed as a female screw, which mates wrtfi .a shaft 
13 in the main case 14 shown in Fig. 2. The shaft 13 has 
a length that passes through the main case 14from >«de 
to side and both ends held by the main case 14 to allow 
racing ol the shaft 13. A pair of knobs 15 are fixed on 
both ends of the shaft 13 projected from both the sides 
of the main case 14. The bearing 12. the shaft 13. and 
the knobs 15 implement the function of a sw.tch.ng 
means for shifting the optical unit 1 to *e Position m 
front of either the left eye or the right eye. When the user 
manually rotates either one of the knobs 1 5. the shaft 13 
races relative to the main case 14 and the optical unit 1 
accordingly shifts to the right or to the left. The optica 
unit 1 is provided with a non-illustrated rotation stop for 
preventing rotation of the optical unit 1 with the rotation 
of the shaft 13. An operation of the knob 15 moves the 
optical unit 1 substantially along the span of the eyes of 
the user to be switched between a first state .n wh.ch 
the user observes the virtual image with the left eye as 
shown in Fig. 1(b) and a second state in which ^e user 
observes the virtual image with the right eye. The opt.- 



cal unit 1 is movable to any arbitrary position substan- 
tially along the span of the eyes. This enables . the 
positional adjustment according to the actual span of 

eyes of the user, 
s as discussed above, in the see-through-type HMD 

of the first embodiment, only the half mirror 8 is inter- 
posed between the eyes of the user and the background 

Kge. so that the user can observe the backgrour^ 
image under substantially no optical .nfluence. There is 
,o no obstacle blocking the visual f ield ol the ^eMPrthe 
background view except the main case 14 dsposed 
above. This ensures the maximum visual held for the 
background view. The user can select either one of the 
,eft and the right eyes as the eye for observing a virtual 
, 5 image, while the HMD is worn on the head. Th.s struc- 
ture is especially favorable when a plurality of users use 
one same HMD. The user can readily change the eye 
for observing a virtual image according to the state of 
application of the HMD and the physical conditions of 
x the user. The see-through structure enables the user to 
observe most images of the background view w,th bo*, 
eyes Further, since the structure of observ.ng the d.s- 
ptey image with a single eye does not require any spe- 
cial efforts of the user for combining images but enables 
25 the user to readily observe the display image only 
through changing his or her intention for viewing^ 

By taking into account the use of spectacles wrth 
the HMD. it is preferable that the distance between the 
,ens 5 and the eye 10 in Fig. 1(a) is approximately 60 
3 o mm. For magnification of the display .mage oW 
f ied virtual image under such conditions, rt .s desirable 
to make the distance between the liquid crystal panel 2 
andlhe lens 5 as long as possible. The hrst embodi- 
ment uses a bent of the optical path by the reflecting 
35 mirror 4 in order to satisfy both this requ.rement and the 
requirement for reduction of the apparatus in | ^e-The 
relative positions of the respective constituents from the 
liquid crystal panel 2 to the half mirror 8are ncrt 
restricted (to the first embodiment but maybe ™d.hed.n 
to various ways. An exemplified modification omits the 
XJng mirror 4 and arranges the liquid > crystal pane, 
2 face down above the lens 5. In case that the tiqutd 
crystal panel 2 is arranged in the front pos.tion of the 
HMD as shown in Fig. 1(a). for example, one poss.ble 
« modification omits the back light 3 and ^ms a new 
opening in the casing 6 on the side of the rear fece of 
the liquid crystal panel 2. The external tight through the 
opening can be utilized for illumination of the liquid crys- 

so P The switching means comprising the bearing (12. 
the shaft 13. and the knobs 15 is also not restricted to 
the first embodiment but may be modified .n various 
ways As will be discussed in the following embod.- 
ments. the switching means for changing the eye for 
55 observation of an virtual image may adopt any mecha- 
n?m that can move at least two of the images display 
means (for example, the liquid crystal panel 2^the Mag- 
nifying optical means (for example, the lens 5). and the 
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image combining means (for example, the half mirror 8). 

The above structure may be additionally provided 
with an adjustment mechanism which shifts either the 
liquid crystal panel 2 or the lens 5 in the direction of its 
optical axis and thereby adjusts the relative distance 
between the liquid crystal panel 2 and the lens. The 
adjustment mechanism can adjust the relative distance 
between the liquid crystal panel 2 and the lens 5 to be 
suited to the visual ability of the user, thereby further 
facilitating observation of a virtual image. 

B. Second Embodiment 

Fig. 3(a) is a side view illustrating an optical system 
of another HMD as a second embodiment according to 
the present invention, and Fig. 3(b) is a front view 
thereof. In this and subsequent embodiments, the con- 
stituents identical with or similar to those of the first 
embodiment are assigned with the same numerals and 
not specifically described. 

An optical unit 17 shown in Fig. 3(a) can be set in 
front of either one of the left eye and the right eye of the 
user. In the example of Fig. 3(b), the optical unit 17 is 
placed in front of the left eye. Referring to Fig. 3(a). the 
optical unit 17 comprises the liquid crystal panel 2. the 
backlight 3. the reflecting mirror 4. the lens 5,a half mir- 
ror 18. and a casing 19 for accommodating these con- 
stituents therein. The relative positions of the liquid 
crystal panel 2. the back light 3. the reflecting mirror 4. 
the lens 5. and the half mirror 18 are identical with those 
of the first embodiment. The half mirror 1 8 has the same 
transmission/reflection characteristics as those of the 
half mirror 8 of the first embodiment. As shown in Fig. 
3(b). however, the half mirror 18 has the size covering 
the visual field of a virtual image for a single eye of the 
user. 

As shown in Fig. 3(a), the casing 19 has a substan- 
tially trapezoidal side section and is provided with an 
opening 20 formed in its upright surface to face the eye 
10 of the user. Another opening 21 is formed in the slant 
surface of the casing 19. in which the half mirror 18 is 
disposed. The second embodiment is different from the 
first embodiment in that the half mirror 18 is accommo- 
dated together with other optical elements in the optical 
unit 17. The optical unit 17 is engaged with the main 
case 14 by means of the same structure as that of the 
first embodiment shown in Fig. 2. 

Fig. 4 shows the appearance of the HMD of the 
second embodiment. The only cfifference from the first 
embodiment shown in Fig. 2 is that the half mirror 1 8 for 
a single eye is integrated with the optical unit 17. 

As shown in Fig. 3(a), the image beam L1 emitted 
from the liquid crystal panel 2 is combined with the 
background beam 12 and enters the eye 10 at which the 
optical unit 1 7 is disposed. Part of the background beam 
12 is reflected by the half mirror 18. and only the rest 
enters the eye 10. As shown in Fig. 3(b). on the other 
hand, the half mirror 18 does not exist in front of the eye 



at which the optical unit 17 is not disposed. The back- 
ground beam L2 without any extinction accordingly 
enters the eye that does not observe the virtual image. 
In the HMD of the second embodiment, the brightness 
5 of the background image observed with the left eye is 
thus signif icantly different from that with the right eye. It 
is generally that the difference in brightness between 
the visual fields of the left eye and the right eye of not 
less than 70% causes a conflict of the visual fields and 
10 makes it hard to see both the images. The difference in _ 
brightness between the visual fields of the left eye and 
the right eye of not greater than 30%. on the other hand, 
ensures stable observation even for a relatively long 
time. In the second embodiment, the transmis- 
75 sion/ref lection characteristics of the half mirror 18 are 
adequately adjusted to make the difference in bright- 
ness between the visual fields of the left eye and the 
right eye not greater than about 30%, so as to facilitate 
observation of the background view. Actually, the reflec- 
20 tivity and the transmittance of the half mirror 18 are 
respectively set equal to approximately 30% and 70%. 
Such adjustment enables the difference in brightness 
between the background images observed with the left 
eye and the right eye to be approximately 30%. The 
25 extremely high transmittance, however, prevents reflec- 
tion of the image beam L1 . It is thus preferable to make 
the reflectivity as high as possible in order to make the 
display image brighter. 

The switching means for changing the eye for 
30 observation of a virtual image has a similar structure to 
that of the first embodiment, except that the half mirror 
18 of the second embodiment is assembled with the 
optical unit 17 and moves with the other optical ele- 
ments from side to side whereas the half mirror 8 of the 
35 first errtoodiment is in the stationary state. The function 
of the switching means in the second embodiment is 
completely identical with that in the first embodiment A 
rotation of either the left knob or the right knob 15 
moves the optical unit 17 substantially along the width 
40 of eyes of the user to be switched between a first state 
in which the user observes a virtual image with the left 
eye as shown in Fig. 3(b) and a second state in which 
the user observes a virtual image with the right eye. In 
the second embodiment, simultaneous movement of 
45 the liquid crystal panel 2, the lens 5, and the half mirror 
18 keeps the fixed positional relations among these 
three optical elements. This advantageously ensures 
the more stable performance of the optical system 
including these optical elements. The second embodi- 
50 ment accordingly further reduces the restriction on posi- 
tioning of the optical system relative to the eye of the 
user and increases the degree of freedom in the posi- 
tioning. Further, since the half mirror 18 has the size of 
minimum necessity and is integrated with the optical 
unit 17, the size of the whole apparatus can be reduced 
and the possibility of damaging the half mirror 18 is low. 
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C. Third Embodiment 



Fig. 5(a) is a side view illustrating an optical system 
of still another HMD as a third embodiment according to 
the present invention; Fig. 5(b) is a front view showing a 
first state in which the user observes a virtual image 
with the left eye, Fig. 5(c) illustrates a changing mecha- 
nism for changing the eye for observation of a virtual 
image; and Fig. 5(d) is a front view showing a second 
state in which the user observes a virtual image with the 
right eye. 

Referring to Fig. 5(a). in this optical system, a 
rellection unit 50 and an optical unit 28 are disposed 
below the liquid crystal panel 2. 

The optical unit 28 comprises a lens 26. the half 
mirror 18, and a casing 27 for accommodating these 
constituents therein. As shown in Fig. 5(a), the casing 
27 has a substantially trapezoidal side section and is 
provided with an opening 29 formed in its upright sur- 
face to face the eye 10 of the user. Another opening 30 
is formed in the slant surface of the casing 27, in which 
the half mirror 18 is disposed. 

Referring to Fig. 5(b), the reflection unit 50 includes 
two reflecting minors 23 and 24 arranged substantially 
parallel to each other and two link members 25a and 
25b for linking the two reflecting mirrors 23 and 24 with 
each other. The link members 25a and 25b respectively 
link the upper ends and the lower ends of the two 
reflecting mirrors 23 and 24 to form a parallelogram. 
Even when the parallelogram of the reflection unit 50 is 
deformed, this structure enables the two reflecting mir- 
rors 23 and 24 to be kept substantially parallel to each 
other. In the first state of Fig. 5(b) and in the second 
state of Fig. 5(d), the two reflecting mirrors 23 and 24 
are inclined respectively by the angle of approximately 
45 degrees to the normal of the display surface of the 
liquid crystal panel 2. 

When the user observes a virtual image with the left 
eye as shown in Fig. 5(b). the image beam L1 from the 
liquid crystal panel 2 is reflected first by the first reflect- 
ing mirror 23 and then by the second reflecting mirror 
24. When the user observes a virtual image with the 
right eye as shown in Fig. 5(d), on the other hand, the 
image beam L1 from the liquid crystal panel 2 is 
reflected first by the second reflecting mirror 24 and 
then by the first reflecting mirror 23. The image beam L1 
deflected by these two reflecting mirrors 23 and 24 sub- 
sequently enters the lower optical unit 28. The reflection 
unit 50 accordingly has the function of a reflection 
means for reflecting the image beam L1 or the function 
of a deflection means for deflecting the image beam L1 
Fig. 6 illustrates a shape changing mechanism for 
changing the shape of the reflection unit 50 with a 
movement of the optical unit 28. Two pins 51a and 51b 
are formed in the rear face of the optical unit 28. The 
second link member 25b has two mating elements 52a 
and 52b on its lower end. These mating elements 52a 
and 52b respectively have slots extending in the vertical 



direction. The two pins 51a and 51b of the optical unit 
28 pass through the slots of the two engaging parts 52a 
and 52b of the link member 25b and is slidably fitted in 
a groove 53 formed in the main case 14 (see Fig. 2). 
5 The two reflecting mirrors 23 and 24 have pins 55a and 
55b disposed on the respective centers thereof. These 
pins 55a and 55b are slidably fitted in another groove 54 
formed in the main case 14. In the illustration of Fig. 6, 
as a matter of convenience, the grooves 53 and 54 are 
10 filled with slant lines for clear distinction from the other 
constituents. 

The user shifts the reflection unit 50 and the optical 
unit 28 in the horizontal direction to switch between the 
first state shown in Fig. 5(b) and the second state 
15 shown in Fig. 5(d). Comparison between Figs. 5(b) and 
5(d) shows that the liquid crystal panel 2 and the back 
light 3 are arranged face down on a center line 22 of the 
width of the apparatus and do not shift through the 
switching operation of the eye for observation of a vir- 

20 tual image. 

Fig. 5(c) shows the state in mid course of a switch 
from the first state shown in Fig. 5(b) to the second state 
shown in Fig. 5(d). In the state of Fig. 5(b), the shape 
changing mechanism of the reflection unit 50 is set at 
25 the position of Fig. 6. When a force is applied in the 
direction of an arrow A to the optical unit 28 in the state 
of Fig. 6. the optical unit 28 moves along the groove 53 
(see Fig. 6) to the right eye (leftward in Fig. 6) and the 
reflection unit 50 accordingly moves along the groove 
30 54. At this moment, the reflection unit 50 substantially 
keeps the parailelogrammatic shape of Fig. 5(b) while 
moving with the optical unit 28. When the pin 55a (see 
Fig. 6) disposed on the substantial center of the reflect- 
ing mirror 23 reaches an end of the groove 54, the par- 
35 allelogram of the reflection unit 50 is gradually deformed 
to the state of Fig. 5(d) via the state of Fig. 5(c) while the 
two pins 55a and 55b are kept at the positions. The opti- 
cal unit 28 accordingly moves to the position in front of 
the right eye to effect the second state shown in Fig. 
40 5(d). Reverse operations and movements are carried 
out for changing the eye for observation of a virtual 
image from the right eye to the left eye. 

In the first state of Fig. 5(b) and in the second state 
of Fig. 5(d), the reflection unit 50 and the optical unit 28 
45 are fixed by any known mechanical positioning mecha- 
nism, such as combination of pins with engaging holes. 

A variety of structures other than those discussed 
above are applicable for the reflection unit 50 and its 
shape changing mechanism. For example, the shape of 
so the reflection unit 50 may be changed while the upper 
link member 25a are kept to face the liquid crystal panel 
2 and the lower link member 25b are kept to face the 
lens 26. As long as the two states shown in Figs. 5(b) 
and 5(d) can be realized, neither the transient state nor 
55 the movement of the reflection unit 50 is important. 

Fig. 7 shows that the user can observe a virtual 
image in the same direction both in the first state of Fig. 
5(b) and in the second state of Fig. 5(d). Fig. 7(a) repre- 
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sents the first state in which the user observes a virtual 
image with the left eye, whereas Fig. 7(b) represents the 
second state in which the usr observes a virtual image 
with the right eye. In these drawings, the arrows drawn 
in the vicinity of the respective optical elements denote 
a first direction 61 that is equivalent to a first coordinate 
axis of the image forming surface of the liquid crystal 
panel 2. The encircled crosses denote a second direc- 
tion 62 that is equivalent to a second coordinate axis of 
the image forming surface. The second direction 62 
goes from the front to the back of the drawing sheet. 
The arrows representing these directions 61 and 62 are 
drawn on the half mirror 18. As clearly understood from 
Figs. 7(a) and 7(b), an image formed on the liquid crys- 
tal panel 2 is reflected three times and observed as an 
image in the same orientation with either one of the left 
eye and the right eye. No electrical switching operation 
regarding the direction of displaying the image is thus 
required in the process of changing the eye for observa- 
tion of a virtual image. 

As discussed above, the third embodiment can 
switch the eye for observation of a virtual image while 
keeping the liquid crystal panel 2 and the back light 3 at 
a fixed position. Since the liquid crystal panel 2 and the 
back light 3 are electrically connected with a driving cir- 
cuit, no shift of the liquid crystal panel 2 and the back 
light 3 is preferable for the electrical reliability. In other 
words, the third embodiment ensures the high electrical 
reliability in the process of switching the eye for obser- 
vation of a virtual image. 

Since the position of the liquid crystal panel 2 is 
fixed in the third embodiment, the positional adjustment 
of the optical unit 28 in the horizontal direction accord- 
ing to the actual span of eyes of the user will change the 
relative distance between the liquid crystal panel 2 and 
the lens 26. This results in varying the distance from the 
eye of the user to a virtual image. In order to prevent this 
problem, either the liquid crystal panel 2 or the lens 26 
may be moved along its optical axis with a movement of 
the optical unit 28, to thereby fix the distance from the 
eye of the user to a virtual image. Another possible 
structure is to enlarge the exit pupil of the lens 26 while 
fixing the position of the optical unit 28 in front of either 
the left eye or the right eye, so as to absorb the differ- 
ence in the span of eyes among individuals. 

D. Fourth Embodiment 

Fig. 8(a) is a side view illustrating an optical system 
of another HMD as a fourth embodiment according to 
the present invention; Fig. 8(b) is a front view showing a 
first state in which the user observes a virtual image 
with the left eye in the fourth embodiment; and Fig. 8(c) 
is a front view showing a second state in which the user 
observes a virtual image with the right eye. 

The optical system shown in Fig. 8(a) comprises 
another reflection unit 70 in place of the reflection unit 
50 of the third embodiment shown in Fig. 5(a). As 
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shown in Figs. 8(b) and 8(c), the reflection unit 70 has 
three reflecting mirrors 31 through 33. The first reflect- 
ing mirror is arranged on the center line 22 of the width. 
The second and the third reflecting mirrors 32 and 33 
5 are arranged respectively a little above and in front of 
the left eye and the right eye to be symmetrical with 
respect to the center line 22. The second and the third 
reflecting mirrors 32 and 33 are inclined respectively by 
the angle of approximately 45 degrees to the vertical 
70 direction. 

The first reflecting mirror 31 is rotatable either in the 
direction of an arrow C in Fig. 8(b) or in the direction of 
an arrow D in Fig. 8(c) about the rotational axis 
arranged on the center line 22. The rotation switches 
15 the state between the two states of Figs. 8(b) and 8(c). 
In the first state of Fig. 8(b), the first reflecting mirror 31 
reflects the image beam L1 in the direction of the sec- 
ond reflecting mirror 32, and the light beam reflected by 
the second reflecting mirror 32 enters the optical unit 
20 28. In the second state of Fig 8(c). on the other hand, 
the first reflecting mirror 31 reflects the image beam L1 
in the direction of the third reflecting mirror 33. and the 
light beam reflected by the third reflecting mirror 33 
enters the optical unit 28. The rotational angle of the 
25 reflecting mirror 31 for a switch between the states of 
Figs. 8(b) and 8(c) can be made 90 degrees if both sur- 
faces of the first reflecting mirror 31 are formed as 
reflection planes or if the rotation direction of the reflect- 
ing mirror 31 is reversible. 
30 Fig. 9 shows a shape changing mechanism for 
rotating the reflecting mirror 31 with a movement of the 
optical unit 28. In this example, the reflecting mirror 31 
has reflection planes on both surfaces thereof. The sub- 
stantial center of the reflecting mirror 31 is rotataWy 
35 supported by a supporting pin 71 disposed in the main 
case 14 (see Fig. 4). Another pin 72 is disposed on the 
lower end of the reflecting mirror 31 . This pin 72 is slid- 
ably fitted in a cam slot 73 formed in the rear face of the 
optical unit 28. The cam slot 72 extends in the horizontal 
40 direction and the pin 72 is guided along the cam slot 73 
to be movable in the horizontal direction. Since a rota- 
tion of the reflecting mirror 31 changes the vertical posi- 
tion of the pin 72, the cam slot 73 has a width in the 
vertical direction that covers the range of the vertical 
45 position of the pin 72. The optical unit 28 is slidably fitted 
in a groove 74 formed in the main case 14 by means of 
a non-illustrated pin. 

In the first state of Fig. 8(b), the shape changing 
mechanism is set at the position of Fig. 9. When a force 
so is applied in the direction of an arrow A to the optical unit 
28 in the state of Rg. 9. the optical unit 28 moves along 
the groove 74. At the initial stage of the movement, the 
pin 72 is made free in the cam slot 73. which results in 
no rotation of the reflecting mirror 31. A further move- 
55 ment of the optical unit 28 causes the pin 72 to be 
pressed against the end portion of the cam slot 73. and 
the force applied from the optical unit 28 rotates the first 
reflecting mirror 31 in the direction of the arrow C. The 
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optical unit 28 accordingly moves to the position in front 
of the right eye to realize the second state shown in Fig. 
8(c). Namely the direction of reflection at the first reflect- 
ing mirror 31 is changed from leftward to rightward. As 
discussed in the third embodiment, the user can 
observe a virtual image in the same direction both in the 
first state and in the second state. Reverse operations 
and movements are carried out for changing the eye for 
observation of a virtual image from the right eye to the 
left eye. 

As discussed above, the fourth embodiment has 
the same effects as those of the third embodiment and 
further simplifies the deformation mechanism of the 
reflection unit (that is, the shape changing mechanism), 
thereby simplifying the structure of the switching means 
for changing the eye for observation of a virtual image. 
Compared with this fourth embodiment, on the other 
hand, the third embodiment discussed above advanta- 
geously needs the smaller number of reflecting mirrors 
in the reflection unit. 

E. Fifth Embodiment 

Fig. 10(a) is a side view illustrating an optical sys- 
tem of still another HMD as a fifth embodiment accord- 
ing to the present invention; Fig. 10(b) is a front view 
showing a first state in which the user observes a virtual 
image with the left eye, in the fifth embodiment; and Fig. 
10(c) is a front view showing a second state in which the 
user observes a virtual image with the right eye. 

The optical system shown in Figs. 10(a) through 
10(c) has the liquid crystal panel 2 and the back light 3 
disposed at different positions from those in the optical 
system of the fourth embodiment shown in Fig. 8(a) and 
includes another reflection unit 80 in place of the reflec- 
tion unit 70. As shown in Figs. 10(b) and 10(c), the liquid 
crystal panel 2 and the back light 3 are arranged in the 
vicinity of the center line 22 of the width to make the nor- 
mal of the image forming surface of the liquid crystal 
panel 2 face substantially in the horizontal direction. 
The reflection unit 80 includes two reflecting mirrors 34 
and 35 arranged to be symmetrical with respect to the 
center line 22. The two reflecting mirrors 34 and 35 are 
inclined respectively by the angle of approximately 45 
degrees to the normal of the display surface of the liquid 
crystal panel 2, and deflect the image beam L1 emitted 
in the substantially horizontal direction from the liquid 
crystal panel 2 vertically downward. 

In the fifth embodiment, the liquid crystal panel 2 
and the back light 3 are held to be integrally rotatable. A 
rotation of the liquid crystal panel 2 and the back light 3 
switches the current state between the first state shown 
in Fig. 10(b) and the second state shown in Fig. 10(c). 
The rotational axis of the liquid crystal panel 2 exists on 
the optical axis passing through the center of the image 
forming surface of the liquid crystal panel 2. This ena- 
bles the distances from the image forming surface of the 
liquid crystal panel 2 to the two reflecting mirrors 34 and 



35 to be identical with each other both in the first state 
and in the second state. 

When a force is applied in the direction of an arrow 
A to the optical unit 28 in the first state of Fig. 1 0(b), the 

5 optical unit 28 moves along a non-illustrated rail dis- 
posed between the optical unit 28 and the reflection unit 
80. In mid course of the movement, the force applied 
from the optical unit 28 integrally rotates the liquid crys- 
tal panel 2 and the back light 3 in the direction of an 

10 arrow E, so as to realize the second state shown in Fig. 
10(c). Namely the direction of the image beam L1 emit- 
ted from the liquid crystal panel 2 is changed from left- 
ward to rightward, and the image beam L1 is thus 
reflected downward by the first reflecting mirror 35 to 

15 enter the optical unit 28. Reverse operations and move- 
ments are carried out for changing the eye for observa- 
tion of a virtual image from the right eye to the left eye. 

Fig. 1 1 shows the fact that the user can observe a 
virtual image of the same orientation both in the first 

20 state of Fig. 1 0(b) and in the second state of Fig. 1 0(d), 
and corresponds to Fig. 7 of the third embodiment. The 
first direction 61 is equivalent to the first coordinate axis 
of the image forming surface of the liquid crystal panel 
2, whereas the second direction 62 is equivalent to the 

25 second coordinate axis of the image forming surface. As 
clearly understood from Figs. 11(a) and 11(b). each 
image formed on the liquid crystal panel 2 is reflected 
twice and observed as an image of the same orientation 
with either one of the left eye and the right eye. In this 

30 structure, electrical switching operation regarding the 
orientation of the display image is not required in the 
process of changing the eye for observation of a virtual 
image. 

As discussed above in the fifth embodiment, only 
35 the lens 26 and the half mirror 18 are moved substan- 
tially along the width of eyes of the user to change the 
direction of emission of the image beam L1 from the liq- 
uid crystal panel 2, thereby changing the eye for observ- 
ing a virtual image. This simplif ies the structure of the 
40 reflection unit. The arrangement of the liquid crystal 
panel 2 housed in the reflection unit 80 effectively 
reduces the size of the apparatus. 

F. Sixth Embodiment 

45 

Fig. 1 2 shows the appearance of another HMD as a 
sixth embodiment according to the present invention. 
The HMD shown in Fig. 12 has any one of the optical 
systems discussed in the second through the fifth 

so embodiments. The difference from the HMD of the sec- 
ond embodiment shown in Fig. 4 is that the HMD of the 
sixth embodiment shown in Fig. 12 includes a partially 
transparent screen plate 37, which has substantially the 
same transmrttance as that of the half mirror 18 and is 

55 arranged in front of the eye that does not see a virtual 
image. The partially transparent screen plate 37 is 
detachably attached to the main case 14 and may be 
disposed in front of either one of the left eye and the 
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right eye of the user. The user detaches the partially 
transparent screen plate 37 from the main case 14 and 
moves the optical unit 17 (or 28) in order to change the 
eye for observing a virtual image. The partially transpar- 
ent screen plate 37 is then attached again to the main 
case 14 to be located in front of the eye that does not 
see a virtual image. 

It is preferable that the transmittance of the partially 
transparent screen plate 37 is set substantially equal to 
the transmittance of the half mirror 18. For example, as 
discussed in the second embodiment, the difference in 
brightness between the left and the right visual fields is 
preferably not greater than 30%. Regulation of the 
transmittance of the partially transparent screen plate 
37 in the range from about 0.7 times to 1.3 times the 
transmittance of the half mirror 18 enables the bright- 
ness of the background image observed through the 
half mirror 18 to be substantially coincident with the 
brightness of the background image observed through 
the partially transparent screen plate 37. The user can 
thus naturally observe the background image. This 
structure has the looser requirement for the transmis- 
sion/reflection characteristics of the half mirror 18 than 
that of the second embodiment, and adjustment of 
these characteristics enables the relationship of bright- 
ness between the display image and the background 
image to be set arbitrarily. 

G. Seventh Embodiment 

Fig. 13(a) is a side view illustrating an optical sys- 
tem of another HMD as a seventh embodiment accord- 
ing to the present invention. An optical unit 38 shown in 
Fig. 13(a) has a polarizing beam splitter 39 in place of 
the half mirror 18 included in the optical unit 17 of the 
second embodiment shown in Fig. 3, and further 
includes a partially transparent screen plate 40 having 
polarization selectivity in front of the polarizing beam 
splitter 39. In the specification, the term 'polarization 
selectivity' implies the property of transmitting or reflect- 
ing a specific polarized light component. 

The liquid crystal panel 2 has polarizing plates (not 
shown) on the light-receiving surface and the light-emit- 
ting surface thereof. In the seventh embodiment, the 
image beam L1 emitted from the liquid crystal panel 2 is 
s-polarized light having the plane of vibrations perpen- 
dicular to the light-receiving surfaces of the reflecting 
mirror 4 and the polarizing beam splitter 39 (that is, the 
plane parallel to the sheet surface). In the drawings of 
Fig. 1 3. each open circle with a black point drawn in the 
vicinity of a luminous flux shows that the luminous flux is 
s-polarized light. Each line segment with double arrows, 
on the other hand, shows that the luminous flux is p- 
polarized light. 

The polarizing beam splitter 39 has the characteris- 
tics of reflecting the s-polarized light while transmitting 
the p-polarized light whose plane of vibrations is per- 
pendicular to that of the s-polarized light. The polarizing 



beam splitter 39 has the size covering the visual field of 
a virtual image for a single eye of the user. Like the half 
mirror 8 shown in Fig. 2, the partially transparent screen 
plate 40 has the size and shape covering the visual field 
5 of virtual images for both eyes of the user. The partially 
transparent screen plate 40 is composed of, for exam- 
ple, a polarizing plate and has the characteristics of 
selectively transmitting only the p-polarized light 

As shown in Fig. 13(a), the image formed by the liq- 
10 uid crystal panel 2 is illuminated from the rear side by 
the back light 3 and the image beam Li of s-polarized 
light is emitted accordingly. After deflection of the optical 
path by approximately 90 degrees by the reflecting mir- 
ror 4, the image beam L1 is refracted by the lens 5. The 
is image beam L1 of s-polarized light is reflected almost 
100% by the polarizing beam splitter 39 and forms an 
image in the eye 10 of the user. 

The background beam L2 is, on the other hand, 
non-polarized light which include p-polarized light and 
20 s-polarized light. The partially transparent screen plate 
40 transmits only the p-polarized light component of the 
background beam L2, and the p-polarized light subse- 
quently enters the polarizing beam splitter 39. The 
polarizing beam splitter 39 has the characteristic of 
25 transmitting the p-polarized light almost 1 00%, and thus 
outputs the p-polarized light component of the back- 
ground beam L2 without any significant reflection or 
absorption. Namely almost 100% of the p-polarized 
light component of the light beam 12 from the back- 
30 ground view reaches the eye of the user for observing a 
virtual image. As a result, the image beam L1 of s-polar- 
ized light and the background beam L2 of p-polarized 
light simultaneously enter the eye for observation of a 
virtual image. The user can thus observe a composite 
35 image, that is, combination of the display image with the 
background image. 

Fig. 13(b) shows the state in which the partially 
transparent screen plate 40 is disposed in front of the 
eye that does not see a virtual image. This conf iguration 
40 enables almost 100% of the p-polarized light compo- 
nent of the light beam L2 from the background to enter 
the eye that does not see a virtual image. 

In the seventh embodiment, most of the image 
beam L1 from the liquid crystal panel 2 is reflected by 
45 the polarizing beam splitter 39 and enters the eye 10. 
This significantly improves the brightness of the display 
image observed by the user. Since the brightness of the 
background image entering the eye that sees a virtual 
image substantially coincides with the brightness of the 
50 background image entering the eye that does not see a 
virtual image, the user can naturally observe the back- 
ground image. Like the sixth embodiment, since the 
seventh embodiment enables the left eye and the right 
eye of the user to see the background images of sub- 
55 stantialiy the same brightness, and the degree of free- 
dom is remarkably improved with respect to brightness 
between the display image and the background image. 
More concretely, adjustment of the transmission/ref lec- 
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tion characteristics of the partially transparent screen 
plate 40 enables the relationship of brightness between 
the display image and the background image to be set 
arbitrarily. Since the partially transparent screen plate 
40 is arranged outside the polarizing beam splitter 39 
and f ixed to the main case and has the size covering the 
visual field of a virtual image for both eyes of the user, 
the partially transparent screen plate 40 does not affect 
the switching operation for changing the eye for obser- 
vation of a virtual image. 

The polarizing beam splitter 39 and the partially 
transparent screen plate 40 of the seventh embodiment 
are not restricted to the arrangement of the optical sys- 
tem discussed in the second embodiment, but are also 
applicable to the other arrangements of the optical sys- 
tem discussed in the third through the fifth embodi- 
ments. 

As clearly understood from the discussion of the 
seventh errbodiment, the image combining means for 
combining the image beam L1 with the background 
beam 12 can be implemented by a variety of semi- 
transmission mirrors, such as a half mirror and a polar- 
izing beam splitter. The semi-transmission mirrors here 
include not only those with polarization selectivity, such 
as a polarizing beam splitter, but those without polariza- 
tion selectivity, such as a half mirror. 

The partially transparent screen plate disposed in 
front of the eye that does not see a virtual image may be 
a semi-transparent member with polarization selectivity 
or a semi-transparent member without polarization 
selectivity. 

The image combining means used in the seventh 
embodiment is the polarizing beam splitter that enables 
the image beam L1 to enter the eye of the user without 
any significant decrease in quantity of light. Since the 
polarizing plate having the size that covers the visual 
field of a virtual image for both eyes is used as the par- 
tially transparent screen plate, the user can observe the 
background image well balanced with the display image 
irrespective of the selection of the eye for observing a 
virtual image. 

H. Eighth Embodiment 

Fig. 14 illustrates the structure of an optical system 
of still another HMD as an eighth embodiment accord- 
ing to the present invention. An optical unit 90 includes 
the liquid crystal panel 2, the back light 3. the half mirror 
18, a concave half mirror 92, and a casing 94 for accom- 
modating these constituents therein. The concave half 
mirror 92 is ananged to be opposite to the user across 
the plane half mirror 18. The concave half mirror 92 is 
used instead of the lens as the magnifying optical 
means. The mechanism for moving the optical system 
in this embodiment may be identical with the mecha- 
nism in the second embodiment or that in the seventh 
embodiment and is thus not specifically described here. 
The liquid crystal panel 2 is arranged face down 



above the plane half mirror 18. Part of the image beam 
L1 emitted from the liquid crystal panel 2 is reflected by 
the plane half mirror 18 to be deflected toward the con- 
cave half mirror 92. The image beam L1 is then 
5 reflected by the inner surface of the concave half mirror 
92 and passes through the plane half mirror 18 to enter 
the eye 10 of the user. Since the inner surface of the 
concave half mirror 92 forms a concave, the image rep- 
resented by the image beam L1 reflected from the con- 
to cave is magnified as a virtual image to be observed. 

Part of the background beam L2. on the other hand, 
passes through the concave half mirror 92 and the 
plane half mirror 1 8 to enter the eye 10 of the user. The 
concave half mirror 92 has a uniform thickness and 
is accordingly transmits most of the light beam L2 from the 
background without refraction. The user can thus 
observe the intact background image with the magnified 
virtual image of the display image displayed on the liq- 
uid crystal panel 2. 
20 The eight embodiment does not have any lens 
between the liquid crystal panel 2 and the plane half 
mirror 18 and can thus decrease the distance between 
the liquid crystal panel 2 and the plane half mirror 18. 
This configuration effectively reduces the size of the 
25 whole optical system. Furthermore, the use of the con- 
cave mirror in place of the lens decreases the optical 
aberration. 



. Ninth Embodiment 
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Rg. 15 illustrates the structure of an optical system 
of another HMD as a ninth embodiment according to the 
present invention. An optical unit 95 has the concave 
half mirror 92 disposed at a different position from that 
35 in the eighth embodiment shown in Fig. 14, and further 
includes a partially transparent screen plate 96. The 
concave half mirror 92 is arranged to be opposite to the 
liquid crystal panel 2 across the plane half mirror 18. 
The partially transparent screen plate 96 is arranged to 
40 be opposite to the user across the plane half mirror 1 8. 
Part of the image beam L1 emitted from the liquid 
crystal panel 2 passes through the plane half mirror 18. 
is reflected by the inner surface of the concave haff mir- 
ror 92. and is reflected again by the plane half mirror 18 
45 to enter the eye 1 0 of the user. The concave half mirror 
92 has the function of a magnifying optical means, as in 
the eight embodiment shown in Fig. 14. 

Part of the background beam L2, on the other hand, 
passes through the partially transparent screen plate 98 
so and the plane half mirror 18 to enter the eye 10 of the 
user. 

Like the eighth embodiment shown in Fig. 14. the 
ninth embodiment has the advantages of reducing the 
size of the whole optical system and decreasing the 
55 optical aberration. An additional advantage of the ninth 
embodiment is that adjustment of the transmittance of 
the partially transparent screen plate 96 can control the 
brightness of the background image. For example, 
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adjustment of the transmittance of the partially transpar- 
ent screen plate 96 to a relatively high level improves 
the brightness of the background image. 

The partially transparent screen ptate 96 shields 
part of the background beam L2, which accordingly 
decreases the quantity of the background beam 12 
which is reflected by the half mirror 18 to go to the liquid 
crystal panel 2. This reduces the glare on the surface of 
the liquid crystal panel 2. 

A concave mirror may be used instead of the con* 
cave half mirror 92. The concave mirror has the higher 
reflectivity than that of the concave half mirror and thus 
enhances the brightness of the display image observed 
with the eye 10. 

J. Tenth Embodiment 

Fig. 16(a) illustrates the structure of an optical sys- 
tem of still another HMD as a tenth embodiment accord- 
ing to the present invention. An optical unit 97 includes 
the liquid crystal panel 2. the back light 3, the half mirror 
1 8, an internal reflection-type magnifying optical system 
98, and a casing 99 for accommodating these constitu- 
ents therein. 

The internal reflection-type magnifying optical sys- 
tem 98 is interposed between the half mirror 1 8 and the 
user. Part of the image beam L1 emitted from the liquid 
crystal panel 2 is reflected by the half mirror 18 toward 
the user and enters the internal reflection-type magnify- 
ing optical system 98. 

The internal reflection-type magnifying optical sys- 
tem 98 is generally called a 'pancake window* and has 
the function of optically magnifying an image through 
the repeated internal reflection of light. The structure 
and the function of the internal reflection-type magnify- 
ing optical system 98 is described in U.S. Reissue Pat- 
ent No. 27,356, the disclosure of which is herein 
incorporated by reference. 

Fig. 16(b) is a decomposed perspective view show- 
ing the internal reflection-type magnifying optical sys- 
tem described in U.S. Reissue Patent No. 27,356. The 
internal reflection-type magnifying optical system 98 
includes a concave half mirror 100, a first A/4 wave plate 
102, a plane half mirror 104, a second A/4 wave plate 
106, and a polarizing plate 108 laid one upon another in 
this sequence. As dearly understood from Fig. 16(a), 
the distances between the respective optical elements 
in the internal reflection-type magnifying optical system 
98 are exaggerated in Fig. 16(b) to clarity the optical 
path. 

The image beam L1 reflected by the plane half mir- 
ror 18 enters the concave half mirror 100. In the drawing 
of Fig. 16(b). the line segment with double arrows 
denotes the direction of vibration of the vibrational vec- 
tor of linear polarized light and the spiral denotes the 
direction of rotation of the vibrational vector of circular 
polarized light. 

Since a polarizing plate is disposed on the light- 



emitting surface of the liquid crystal panel 2, the image 
beam L1 entering the concave half mirror 100 is linear 
polarized light The image beam L1 passes through the 
concave half mirror 100 and is converted to circular 
5 polarized light by the first A/4 wave plate 1 02. The image 
beam L1 of circular polarized light is divided into a first 
luminous flux L1a passing through the plane half mirror 
104 and a second luminous flux Lib reflected by the 
plane half mirror 1 04. The first luminous flux L1 a is con- 
to verted to linear polarized light by the second A/4 wave 
plate 106. The direction of vibration of the vibrational 
vector of this linear polarized light is perpendicular to 
the direction of vibration of the original image beam LI . 
The first luminous flux L1a output from the second A/4 
15 wave plate 106 is shielded by the polarizing plate 108 
and does not reach the eye 10 of the user. The polariz- 
ing plate 108 selectively transmits the linear polarized 
light having the direction of vibration identical with that 
of the image beam L1 entering the concave half mirror 
20 1 00, while shielding the linear polarized light having the 
direction of vibration perpendicular to that of the image 
beam L1. 

The second luminous flux Lib reflected from the 
plane half mirror 104, on the other hand, again passes 

25 through the first A/4 wave plate 102 to be converted to 
linear polarized light and is reflected from the inner sur- 
face of the concave half mirror 100. The direction of 
vibration of the vibrational vector of the second lumi- 
nous flux Lib is perpendicular to the direction of vibra- 

30 tion of the image beam L1 entering the concave half 
mirror 100 from the outside. The second luminous flux 
Lib is refracted when being reflected by the concave 
half mirror 100. This magnifies the display image to a 
magnified virtual image. 

35 The second luminous flux L1 b reflected by the inner 
surface of the concave half mirror 100 is again con- 
verted to circular polarized light by the first A/4 wave 
plate 102 and enters the plane half mirror 104. The sec- 
ond luminous flux Lib passing through the plane half 

40 mirror 104 is converted to linear polarized light by the 
second A/4 wave plate 106. The second luminous flux 
Lib passing through the second A/4 wave plate 106 
passes through the polarizing plate 108 and reaches 
the eye 10 of the user. Since the second luminous flux 

45 Lib is magnified to a magnified virtual image when 
being reflected from the inner surface of the concave 
half mirror 100, the user can observe the magnified vir- 
tual image. 

Other than the second luminous flux Lib shown in 
so Fig. 16(b), there are luminous fluxes that repeat the 
greater number of internal reflections before entering 
the eye of the user. Such other luminous fluxes, how- 
ever, have a significantly lower quantity of light than that 
of the second luminous flux Lib, due to the loss prima- 
55 rily in the half mirrors 100 and 104. The effects of these 
other luminous fluxes entering the eye of the user are 
thus negligible. 

The background beam L2 includes random polar- 
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ized light components, and the polarized light compo- 
nent of the background beam L2 crossing the image 
beam L1 passes through the respective optical ele- 
ments in the internal reflection-type magnifying optical 
system 98 and reaches the eye 10 of the user. The user 
accordingly observes the intact background image that 
is not subjected to the magnification to a magnified vir- 
tual image. Part of the background beam 12 follows an 
optical path that is similar to the optical path of the first 
luminous flux Lib shown in Fig. 16(b) and forms an 
image in the vicinity of the eye 1 0. Since the light source 
of the background beam L2 is generally far from the 
focus of the concave half mirror 100, however, the posi- 
tion of imaging is closer to the eye than the nearest 
point of the eye (that is, the nearest position at which the 
eyes can see an object in focus). The user accordingly 
does not recognize the magnified virtual image of the 
background view. 

When another type of an image display means for 
emitting a light beam which is not linear polarized light is 
used instead of the liquid crystal panel 2, a polarizing 
plate may be disposed on the side of the light-receiving 
surface of the concave half mirror 100 shown in Fig. 
16(b). 

Like the eighth and the ninth embodiments, the 
tenth embodiment effectively reduces the size of the 
whole optical system and decreases the optical aberra- 
tion. 

In the eighth through the tenth embodiments with 
the concave mirror, the plane half mirror 18 may have 
the size covering the visual field of virtual images for 
both eyes. Furthermore, any one of the structures dis- 
cussed in the first through the fifth embodiments is 
applicable to the switching means for changing the eye 
for observation of a virtual image in the eighth through 
the tenth embodiments. 

K. Eleventh Embodiment 

Fig. 17(a) illustrates the structure of an optical sys- 
tem of another HMD as an eleventh embodiment 
according to the present invention. An optical system 
109 includes the elements described below in addition 
to the optical unit 90 of the eighth embodiment shown in 
Fig. 14. A partially transparent screen plate 110 is dis- 
posed in front of the concave half mirror 92. The upper 
end of the partially transparent screen plate 110 is con- 
nected with a first rack 1 12, whereas the upper end of 
the casing 94 of the optical unit is connected to a sec- 
ond rack 114. The bearing 12 shown in Fig. 14 is omit- 
ted from the optical system 109 of Fig. 17. 

Fig. 17(b) is a plane view showing this optical sys- 
tem 109. The opposite surfaces of the two racks 1 12 
and 1 1 4 have teeth formed therein. A pinion 1 1 6 is inter- 
posed between the two racks 112 and 114, and the 
teeth of the pinion 1 16 engage with the teeth of the two 
racks 112 and 114. As shown in Fig. 17(a), a knob 118 
for rotating the pinion 1 16 is disposed above the pinion 



116. 

The main case 14 and the attachment 16 shown in 
Fig. 12 can be used in this eleventh embodiment. The 
two racks 112 and 114 are be slidably movable while 
5 being guided by non-illustrated grooves formed in the 
main case 1 4. As shown in Fig. 1 7(b), the two racks 1 1 2 
and 1 1 4 are flexible, and move along the grooves of the 
main case 14 while bending. 

The pinion 1 16 is held by the main case 14 to allow 
w racing of the pinion 116. When the user rotates the knob 
1 18, the two racks 112 and 114 move in reverse direc- 
tions with a rotation of the pinion 116. Referring again to 
Fig. 1 7(b), the optical unit 1 09 and the partially transpar- 
ent screen plate 110 are arranged to be substantially 
is symmetrical with respect to a center line 120. The 
movements of the two racks 1 12 and 114 thus shift the 
optical unit 109 and the partially transparent screen 
plate 1 10 in opposite directions while keeping the sub- 
stantially symmetrical relationship. The user can set the 
20 optical unit 109 and the partially transparent screen 
plate 1 10 at appropriate positions corresponding to the 
span of eyes of the user through the operation of the 
knob 1 18. Since the two racks 1 12 and 1 14 move with- 
out any interference, the horizontal positions of the opti- 
cs cal unit 109 and the partially transparent screen plate 
1 10 may be exchanged through the operation of the 
knob 118. 

As discussed above, the eleventh embodiment has 
the mechanism of shifting the optical unit 109 and the 

30 partially transparent screen plate 1 10 in opposite direc- 
tions while keeping the substantially symmetrical rela- 
tionship therebetween. This structure accordingly does 
not require any operation for detaching the partially 
transparent screen plate 1 10 in the process of changing 

35 the eye for observation of a virtual image. This structure 
also advantageously facilitates the positional adjust- 
ment according to the span of eyes of the user. This 
shifting mechanism is applicable not only to the case in 
which the concave half mirror is used as the magnifying 

40 optical system but to the case in which the lens is used 
as the magnifying optical system (for example, the sec- 
ond embodiment shown in Figs. 3 and 4). Even when 
the optical system does not include the partially trans- 
parent screen plate 110, the shifting mechanism shown 

45 in Fig. 17 is usable as the switching means for shifting 
the optical unit in the horizontal direction and changing 
the eye for observation of a virtual image. 



L. Twelfth Embodiment 



50 



Fig. 18(a) illustrates the structure of an optical sys- 
tem of still another HMD as a twelfth embodiment 
according to the present invention. This optical system 
includes an optical unit 130, which is almost identical 
55 with the optical unit 95 of th ninth embodiment shown 
in Fig. 15 from but does not include the partially trans- 
parent screen plate 96 for a single eye. and a partially 
transparent screen plate 1 32 for both eyes. The partially 
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transparent screen plate 132 is detachable fitted in a 
groove 134 formed in a main case. The groove 134 is 
formed, for example, in the main case 14 shown in Fig. 
12. 

Fig. 1 8(b) is a front view showing the optical system 
of the twelfth embodiment. The partially transparent 
screen plate 132 is divided by the approximate center 
into two sections 136 and 138. The first section 136 is 
arranged in front of the optical unit 130 and has a rela- 
tively high transmittance. The second section 138 is 
arranged in front of the eye at which the optical unit 10 
is not disposed, and has a relatively low transmittance. 
Because of the reason discussed in the second embod- 
iment a difference of transmittance between the first 
section 1 36 and the second section 1 38 is preferably set 
such that a difference between the total transmittance of 
the first section 1 36 and the half mirror 1 8 and the trans- 
mittance of the second section 138 is not greater than 
approximately 30%. The partially transparent screen 
plate 132 may have a notch for the nose on the approx- 
imate center thereof, in the same manner as the half 
mirror 18 shown in Fig. 2. 

The optical unit 130 shown in Fig. 18(a) is moved 
between the left position and the right position by the 
mechanism similar to that discussed in Fig. 2. The user 
removes the integral unit of the partially transparent 
screen plate 132 from the groove 134 and turns it over 
to re-insert into the groove 134. in order to change the 
positions of the first section 136 and the second section 
138. Such operations enable the section 136 having a 
relatively high transmittance to be located in front of the 
eye with the optical unit 130, while locating the section 
138 having a relatively low transmittance in front of the 
other eye. This results in reducing the difference in 
brightness between the light beams entering the left eye 
and the right eye. 

The first section 136 and the second section 138 ot 
the partially transparent screen plate 132 may be sepa- 
rated from each other. The separation enables these 
sections 136 and 138 to be independently removed 
from the groove 1 34 and re-inserted into the groove 1 34 
after the change of positions. This structure does not 
require any operation for turning over the two sections 
136 and 138 but increases the steps of attachment and 
detachment. 

M. Thirteenth Embodiment 

Fig. 19 illustrates the structure of an optical system 
of another HMD as a thirteenth embodiment according 
to the present invention. An optical unit 140 has a simi- 
lar structure to that of the optical unit 95 ol the ninth 
embodiment shown in Fig. 15. except that the half mir- 
ror 18 is replaced by a polarizing beam splitter 142, that 
the partially transparent screen plate 96 is replaced by 
a polarizing plate 146. and that a M wave plate 144 is 
disposed a little above the concave half mirror 92. The 
concave haff mirror 92 may be replaced by a concave 



mirror. 

The image beam L1 emitted from the liquid crystal 
panel 2 passes through the polarizing beam splitter 142 
and enters the *74 wave plate 144. The image beam L1 
5 emitted from the liquid crystal panel 2 is p-polanzed 
light, and the polarizing beam splitter 142 has the char- 
acteristics of transmitting p-polarized light almost 100% 
and reflecting s-polarized light almost 100%. The image 
beam L1 passing through the polarizing beam splitter 
10 142 is converted to circular polarized light by the A/4 r . 
wave plate 144 and is then reflected from the inner sur- 
face of the concave half minor 92. Reflection from the 
concave half mirror 92 reverses the direction of rotation 
of the vibration vector of circular polarized light The 
is image beam L1 of circular polarized light again enters 
the m wave plate 1 44 and is converted to s-polarized 
light. The image beam L1 of s-polarized light is reflected 
by the polarizing beam splitter 142 and enters the eye 
10 of the user. 

20 The background beam L2. on the other hand, 
includes random polarized light components, and only 
the p-polarized light component passes through the 
polarizing plate 146. Almost 100% of the part of the 
background beam L2 which has passed through the 
25 polarizing plate 1 46 further passes through the polariz- 
ing beam splitter 142 and enters the eye 10 of the user. 

As discussed above, since the image combining 
means used in the thirteenth embodiment is the polariz- 
ing beam splitter 1 42, the image beam L1 from the liquid 
30 crystal panel 2 is reflected or transmitted here without 
any significant loss. This improves the brightness of the 
display image observed by the user. Replacement of 
the concave half mirror 92 with a concave mirror further 
improves the brightness of the observed display image. 
35 One possible modification uses a partially transparent 
screen plate for a single eye or both eyes, in order to 
adjust the relationship of brightness between the back- 
ground image and the display image. 

40 H. Fourteenth Embodiment 

Fig. 20 shows the appearance of still another HMD 
as a fourteenth embodiment according to the present 
invention. This HMD includes a variable transmittance 
45 plate 1 50 for two eyes. Any one of the optical units dis- 
cussed in the above embodiments may be used here as 
the optical unit for making the image beam L1 enter the 
eye of the user. 

Fig. 21 is a block diagram illustrating electrical 
so structure of the variable transmittance plate 1 50 and a 
control circuit 160 thereof. The variable transmittance 
plate 150 has a liquid crystal panel structure including 
two transparent electrodes 152 and 154, which respec- 
tively include at least the visual fields of virtual images 
55 for the left eye and the right eye, and a transparent 
counter electrode 156 of a wide area including these 
transparent electrodes 152 and 154. The transparent 
counter electrode 1 56 is grounded, and the left and right 
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transparent electrodes 152 and 154 are connected to 
the control circuit 160. 

The control circuit 160 includes two driving circuits 
for the transparent electrodes 152 and 154. Each driv- 
ing circuit includes a buffer amplifier 1 62, an operational s 
amplifier 164, a variable resistance 166, and a resist- 
ance 168. The operational amplif ier 164 receives a par- 
tial source voltage via the variable resistance 166 and 
the resistance 168. An output terminal of the opera- 
tional amplifier 1 64 is connected to a source terminal of 10 
the buffer amplifier 162. The source voltage whose level 
is determined by the variable resistance 166 and the 
operational amplifier 164 is accordingly supplied to the 
buffer amplifier 162. The user can arbitrarily set the 
value of the variable resistance 166 through an opera- 15 
tion of a non-illustrated dial. 

An input terminal of the buffer amplifier 162 
receives a pulse signal Ps for driving the variable trans- 
mittance plate 1 50 which is constructed as a kind of liq- 
uid crystal panel. The buffer amplifier 162 modulates 20 
the amplitude of the pulse signal Ps in response to the 
source voltage supplied from the operational amplifier 
164 and supplies the modulated pulse signal to the 
transparent electrode 152 (or 154). 

The left and the right transmittances of the variable 25 
transmittance plate 150 are varied with a variation in 
amplitude of the driving signal given to the transparent 
electrodes 1 52 and 1 54. The value of the variable resist- 
ance 166 can be adjusted independently for the left and 
the right transparent electrodes 1 52 and 1 54, so that the 30 
left and the right transmittances of the variable transmit- 
tance plate 150 can be controlled independently of each 
other. This structure enables the brightness of the visual 
field to be controlled respectively at the eye that sees 
the display image and at the eye that does not see the 35 
display image, thereby readily setting the environment 
that facilitates observation of images by the user. 

In the above embodiments, the plane half mirror or 
the concave half mirror may be replaced by a semi- 
transmission mirror having polarization selectivity (for 40 
example, a polarizing beam splitter), if possible. The 
half mirror may thus be implemented by a semi-trans- 
mission mirror without polarization selectivity or a semi- 
transmission mirror with polarization selectivity. 

The partially transparent screen plate in the respec- 45 
five embodiments may be implemented by a semi-trans- 
parent member without polarization selectivity or a 2. 
semi-transparent member with polarization selectivity. 
These semi-transparent members are preferably thin 
plates, although blocks are allowable. The term "plates" so 
here has a wide meaning including both non-curved 
plate members and curved plate members. 

The reflecting mirror in the respective embodiments 
may be replaced by another optical element having a 
reflecting surface (for example, a prism). Furthermore, ss 3. 
an optical element having a polarizing separation sur- 
face can generally be used as the polarizing beam split- 
ter. 



A variety of devices other than the liquid crystal 
panel 2 may be applied for the image display means. By 
way of example, another flat panel display, such as a 
plasma display, may be used instead. 

The present invention is not restricted to the above 
embodiments or their modif ied examples, but there may 
be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main 
characteristics of the present invention. 

Industrial Applicability 

Trie head mount display device of the present 
invention is applicable as a display device of computers 
or as an instruction display device for the aid of manual 
operations. 

Claims 

1 . A head mount display device attached to a head of 
user, comprising: 

image display means; 

magnifying optical means for refracting a first 
light beam representing an image formed on 
the image display means and thereby magnify- 
ing the image to a magnified virtual image 
which is to be observed with one of the eyes of 
the user; 

image combining means for making the first 
light beam representing the virtual image enter 
the eye of the user simultaneously with a sec- 
ond light beam from a background view, 
thereby combining the virtual image with the 
background view to form a composite image; 
and 

switching means for shifting at least two among 
the image display means, the magnifying opti- 
cal means, and the image combining means, in 
order to make a switch between a first state in 
which the composite image of the virtual image 
and the background view is observed with one 
eye of the user and a second state in which the 
composite image is observed with the other 
eye of the user. 

A head mount display device in accordance with 
claim 1 , wherein the magnifying optical means and 
the image combining means are arranged such that 
the first light beam emitted from the image display 
means goes via the magnifying optical means and 
the image combining means in this sequence 
before reaching the eye of the user. 

A head mount display device in accordance with 
claim 2, wherein the image combining means has a 
size covering visual fields of respective virtual 
images for respective eyes of the user; and 
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the switching means comprises means for 
shifting the image display means and the mag- 
nifying optical means to thereby make a switch 
between the first state and the second state 
such that a positional relationship between the 5 
image display means and the magnifying opti- 
ca! means is kept substantially unchanged in 
the first state and in the second state. 

A head mount display device in accordance with 10 
claim 2, wherein the image combining means has a 
size that covers a visual lield of a virtual image for 
one eye of the user but does not cover a visual f ield 
of a virtual image for the other eye; and 

15 

the switching means comprises means for 
shifting the image display means, the magnify- 
ing optical means, and the image combining 
means to thereby make a switch between the 
first state and the second state such that posi- 20 
tional relationships between the image display 
means, the magnifying optical means, and the 
image combining means are kept substantially 
unchanged in the first state and in the second 
state. 25 

A head mount display device in accordance with 
claim 2. wherein the image display means is dis- 
posed on an approximate center of a span of the 
head mount display device, so as to be positioned 30 
on an approximate center between the eyes o1 the 
user; 

the head mount display device further com- 
prises deflection means for deflecting the first 35 
light beam emitted from the image display 
means toward the magnifying optical means; 
and 

the switching means comprises shape chang- 
ing means for moving the magnifying optical 40 
means and the image combining means to 
positions corresponding to the first state and 
the second state, respectively, and for chang- 
ing a shape of the deflection means due to the 
moving such that a direction of deflection by 45 
the deflection means is suitable for the posi- 
tions of the magnifying optical means and the 
image combining means. 

A head mount display device in accordance with so 
claim 5. wherein the deflection means comprises 
substantially parallel two reflecting surfaces; and 

the shape changing means comprises means 
for varying an angle of the two reflecting sur- 55 
faces suitable for the first state and the second 
state, respectively. 
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7. A head mount display device in accordance with 
claim 5, wherein the deflection means comprises 
fixed first and second reflecting surfaces for reflect- 
ing the first light beam toward respective positions 
of the magnifying optical means in the first state 
and the second state, respectively, and a rotatable 
third reflecting surface; and 

the shape changing means comprises means 
for varying an angle of the third reflecting sur- 
face suitable for the first state and the second 
state, respectively. 

8. A head mount display device in accordance with 
claim 2, wherein the image display means is dis- 
posed on an approximate center of a span of the 
head mount display device, so as to be positioned 
on an approximate center of the eyes of the user; 

the head mount display device further com- 
prises reflection means having fixed first and 
second reflecting surfaces for reflecting the first 
light beam emitted from the image display 
means toward respective positions of the mag- 
nifying optical means in the first state and the 
second state, respectively; and 
the switching means comprises emitting direc- 
tion switching means for moving the magnifying 
optical means and the image combining means 
to respective positions corresponding to the 
first state and the second state, respectively, 
and for changing an emitting direction of the 
first light beam from the image display means 
due to the moving such that the first light beam 
is reflected from either one of the first reflecting 
surface and the second reflecting surface. 

9. A head mount display device in accordance with 
daim 8, wherein the emitting direction switching 
means rotates the image display means, 

10. A head mount display device in accordance with 
daim 2, further comprising: 

a semi-transparent member arranged in front 
of the eye that is not to observe the virtual 
image; and wherein 

the semi-transparent member has a transmit- 
tance that is substantially equal to a transmit- 
tance of the image combining means. 

11. A head mount display device in accordance with 
daim 10, wherein the transmittance of the semi- 
transparent member is in a range of about 0.7 to 1 3 
times the transmittance of the image combining 
means. 

12. A head mount display device in accordance with 
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claim 2, wherein the first light beam is polarized 
light; 

the image combining means comprises a 
polarizing beam splitter having a characteristic 
of reflecting a polarized light component of the 
first light beam; 

the head mount display device further com- 
prises a semi-transparent member arranged to 
be opposite to the user across the polarizing 
beam splitter; and 

the semi-transparent member has a size that 
covers visual fields of a virtual image for both 
eyes of the user, and a characteristic of trans- 
mitting only polarized light which is out of the 
second light beam from the background view 
and which has passed through the polarizing 
beam splitter. 

13. A head mount display device in accordance with 
claim 2, the head mount display device further com- 
prising: 

a semi-transparent member arranged in front 
of the eye that is not to observe the virtual 
image; and wherein 

the switching means comprises means for 
moving the semi-transparent member in a 
direction opposite to the magnifying optical 
means. 

14. A head mount display device in accordance with 
claim 1, wherein the image combining means and 
the magnifying optical means are arranged such 
that the first light beam emitted from the image dis- 
play means goes via the image combining means 
and the magnifying optical means at least once in 
this sequence before reaching the eye of the user. 

15. A head mount display device in accordance with 
claim 14, wherein the magnifying optical means 
comprises a concave mirror; and 

the image combining means and the magnify- 
ing optical means are arranged such that the 
first light beam goes via the image combining 
means again after being reflected by the con- 
cave mirror and before reaching the eye of the 
user. 

16. A head mount display device in accordance with 
claim 15, wherein the concave mirror is a concave 
half mirror; 

the image combining means comprises a plane 
half mirror; and 

the concave half mirror is arranged to be oppo- 
site to the user across the plane half mirror. 



17. A head mount display device in accordance with 
claim 15. wherein the concave mirror is a concave 
half mirror; 

5 the image combining means comprises a plane 

half mirror; and 

the concave half mirror is arranged to be oppo- 
site to the image display means across the 
plane half mirror such that the first light beam 
10 reflected from the concave half mirror is 

reflected by the plane half mirror before reach- 
ing the eye of the user. 

18. A head mount display device in accordance with 
75 claim 15, wherein the image combining means 

comprises a polarizing beam splitter for transmitting 
at least part of polarized light out of the first light 
beam emitted from the image display means; and 
wherein 

20 the head mount display device further com- 

prises: 

a X74 wave plate interposed between the polar- 
izing beam splitter and the concave minor; and 

25 a semi-transparent member arranged to be 

opposite to the user across the polarizing 
beam splitter; and wherein 
the semi-transparent member has a size that 
covers visual fields of a virtual image tor both 

30 eyes of the user, and a characteristic of trans- 

mitting polarized light which can pass through 
the polarizing beam splitter. 

19. A head mount display device in accordance with 
35 claim 14, the head mount display device further 

comprising: 

a first semi-transparent member arranged to be 
opposite to the user across the image combin- 
40 ing means. 

20. A head mount display device in accordance with 
claim 19, further comprising: 

45 a second semi-transparent member arranged 

in front of the eye that is not to observe the vir- 
tual image; and 

the first semi-transparent member has a higher 
transmittance than a transmittance of the see- 
so ond semi-transparent member. 

21. A head mount display device in accordance with 
claim 20, wherein relationships between the first 
and the second semi-transparent members and the 

55 eyes of the user can be exchanged by varying con- 
figuration of attachment of the first and the second 
semi-transparent members to the head mount dis- 
play device. 
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22. A head mount display device in accordance with 
claim 14, wherein the magnifying optical means 
comprises a concave half mirror and a plane half 
mirror and magnifies the first light beam to form the 
magnified virtual image by making use of reflection 5 
between the concave half mirror and the plane half 
mirror. 

23. A head mount display device in accordance with 
claim 14, wherein the image combining means has 10 
a size covering visual fields of respective virtual 
images for both eyes of the user; and 

the switching means comprises means for 
shifting the image display means and the mag- 15 
nifying optical means to thereby make a switch 
between the first state and the second state 
such that a positional relationship between the 
image display means and the magnifying opti- 
cal means is kept substantially unchanged in 20 
the first state and in the second state. 

24. A head mount display device in accordance with 
claim 14, wherein the image combining means has 

a size that covers a visual field of a virtual image for 25 
one eye of the user but does not cover a visual field 
of a virtual image for the other eye; and 

the switching means comprises means for 
shifting the image display means, the magnify- 30 
ing optical means, and the image combining 
means to thereby make a switch between the 
first state and the second state such that posi- 
tional relationships between the image display 
means, the magnifying optical means, and the 35 
image combining means are kept substantially 
unchanged in the first state and in the second 
state. 

25. A head mount display device in accordance with 40 
claim 15, wherein the image combining means has 
a size that covers a visual field of a virtual image for 
one eye of the user but does not cover a visual field 
of a virtual image for the other eye; and 

the switching means comprises means for 
shifting the image display means, the magnify- 
ing optical means, and the image combining 
means to thereby make a switch between the 
first state and the second state such that posi- 
tional relationships between the image display 
means, the magnifying optical means, and the 
image combining means are kept substantially 
unchanged in the f irst state and in the second 
state. 

26. A head mount display device in accordance with 
claim 14. wherein the image display means is dis- 



posed on an approximate center of a span of the 
head mount display device, so as to be positioned 
on an approximate center between the eyes of the 
user; 

the head mount display device further com- 
prises deflection means for deflecting the first 
light beam emitted from the image display 
means toward the magnifying optical means; 
and 

the switching means comprises shape chang- 
ing means for moving the magnifying optical 
means and the image combining means to 
positions corresponding to the first state and 
the second state, respectively, and for chang- 
ing a shape of the deflection means due to the 
moving such that a direction of deflection by 
the deflection means is suitable for the posi- 
tions of the magnifying optical means and the 
image combining means. 

27. A head mount display device in accordance with 
claim 26, wherein the deflection means comprises 
substantially parallel two reflecting surfaces; and 

the shape changing means comprises means 
for varying an angle of the two reflecting sur- 
faces suitable for the first state and the second 
state, respectively. 

28. A head mount display device in accordance with 
claim 26, wherein the deflection means comprises 
fixed first and second reflecting surfaces for reflect- 
ing the first light beam toward the position of the 
magnifying optical means in the first state and the 
second state, respectively, and a rotatable third 
reflecting surface; and 

the shape changing means comprises means 
for varying an angle of the third reflecting sur- 
face suitable for the first state and the second 
state, respectively. 

29. A head mount display device in accordance with 
claim 14, wherein the image dsplay means is dis- 
posed on an approximate center of a span of the 
head mount display device, so as to be positioned 
on an approximate center between the eyes of the 
user; 

the head mount display device further com- 
prises reflection means having fixed first and 
second reflecting surfaces for reflecting the first 
light beam emitted from the image display 
means toward the position of the magnifying 
optical means in the f irst state and the second 
state, respectively; and 

the switching means comprises emitting direc- 
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tion switching means for moving the magnifying 
optical means and the image combining means 
to respective positions corresponding to the 
first state and the second state, respectively, 
and for changing an emitting direction of the 5 
first light beam from the image display means 
due to the moving such that the first light beam 
is reflected from either one of the first reflecting 
surface and the second reflecting surface. 

n 

30. A head mount display device in accordance with 
claim 29, wherein the emitting direction switching 
means rotates the image display means. 



31. A head mount display device in accordance with is 
claim 14, further comprising: 

a semi-transparent member arranged in front 
of the eye that is not to observe the virtual 
image; and 20 
the semi-transparent member has a transmit- 
tance that is substantially equal to a transmit- 
tance of the image combining means. 



32. A head mount display device in accordance with 25 
claim 31. wherein the transmittance of the semi- 
transparent member is in a range of about 0.7 to 1 .3 
times the transmittance of the image combining 
means. 

30 

33. A head mount display device in accordance with 
claim 14, further comprising: 

a semi-transparent member arranged in front 
of the eye that does not observe the virtual 35 
image; and 

the switching means comprises means for 
moving the semi-transparent member in a 
direction opposite to the magnifying optical 
means. 40 



34. A head mount display device in accordance with 
claim 1 , further comprising: 

first and second transmittance varying means 45 
arranged in front of the left eye and the right 
eye of the user, respectively; and 
control means for controlling the first and the 
second transmittance varying means to regu- 
late transmittances of the first and the second so 
transmittance varying means. 
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